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ABSTRACT 

We show the evidence of ion-cyclotron dissipation mechanism in solar wind 
plasma using Helios data. From our statistical analysis we found that the wave 
power of high-frequency transverse waves (having frequencies between 0.01 and 
1 normalized to the proton gyrofrequency in the plasma frame) correlates with 
both, the proton temperature anisotropy, T±/Tu, and the normalized differen- 
tial speed, V qp /Va, between alpha particles and protons. Furthermore, when 
this speed stays below 0.5, then the alpha-particle temperature anisotropy cor- 
relate positively with the relative power of the transverse waves. However, if 
V ap /VA is larger than 0.6, then the alpha-particle temperature anisotropy tends 
to decrease towards values below unity, despite the presence of transverse waves 
with relatively large amplitudes. For small relative wave amplitude, it is found 
that alpha particles can even be heated more strongly than protons when the 
alpha-to-electron density ratio nearly or below 0.01. Our findings are in good 
agreement with predictions of kinetic theory for the resonant interaction of ions 
with Alfvn-cyclotron waves and for the resulting wave dissipation. Also, the 
study suggests that the turbulence could lead to the generation of parallel Alfven 
cyclotron waves. 



REFERENCES 

Araneda, J. A., Y. Maneva, and E. Marsch (2009), Preferential Heating and Acceleration of 
a Particles by Alfven- Cyclotron Waves, Phys. Rev. Lett. 102, 175001 

Araneda, J. A., E. Marsch, and A. F.-Vinas (2008), Proton Core Heating and Beam For- 
mation via Parametrically Unstable Alfven-Cyclotron Waves, Phys. Rev. Lett. 100, 
125003 



1 Max-Planck- Institut fur Sonnensystemforschung, 37191 Katlenburg-Lindau, Germany 

2 Institut fur Geophysik und Meteorologie, Universitat zu Koln, Albertus-Magnus-Platz, Koln, 50923, 
Germany 



-2- 



Bourouaine, S., E. Marsch, and C. Vocks (2008), On the Efficiency of Nonresonant Ion 
Heating by Coronal Alfven Waves, ApJ. 684, LI 19 

Bourouaine, S., E. Marsch, and F. M. Neubauer (2010), Correlations between the proton 
temperature anisotropy and transverse high-frequency waves in the solar wind, Geo- 
phys. Res. Lett., 37, L14104 

Chandran, Benjamin D. G. (2010), Alfven Wave Turbulence and Perpendicular Ion Temper- 
atures in Coronal Holes, arXiv:1006.3473 

Cranmer, S. R. (2001), Ion cyclotron diffusion of velocity distributions in the extended solar 
corona, J. Geophys. Res. 106, 24937 

Cranmer, S. R., (2009) Coronal Holes, Living Rev. Solar Phys, 6, 3 

Denskat, K. U., Research on Alfven fluctuations in the solar wind between 0.29 and 1.0 
AU, Braunschweig, Technische Universitaet, Naturwissenschaftliche Fakultaet, Doktor 
der Naturwissenschaften, Dissertation, 1982. 141 p. In German 

Gary, P. S, C. W. Smith, and R. M. Skoug (2005), Signatures of Alfven-cyclotron wave- 
ion scattering: Advanced Composition Explorer (ACE) solar wind observations, J. 
Geophys. Res. 110, A07 108 

Gary, P. S, L. Yin , D. Winske , J. T. Steinberg, and R. M. Skoug (2006), Solar wind 
ion scattering by Alfven-cyclotron fluctuations: ion temperature anisotropies versus 
relative alpha particle densities, New J. Phys. 8, 17 

Matteini, L., S. Landi, P. Hellinger, F. Pantellini, M. Maksimovic, M. Velli, B. E. Goldstein, 
and E. Marsch (2007), Evolution of the solar wind proton temperature anisotropy 
from 0.3 to 2.5 AU, Geophys. Res. Lett., 34, L20105 

Hollweg, Joseph V. and Isenberg, Philip A (2002), Generation of the fast solar wind: A 
review with emphasis on the resonant cyclotron interaction, J. Geophys. Res. 107 
(A7), 1147 

Isenberg, Philip A., Lee, Martin A. and Hollweg, Joseph V (2001), The kinetic shell model 
of coronal heating and acceleration by ion cyclotron waves 1. Outward propagating 
waves, J. Geophys. Res. 106, 5649 

Jian, Lan K.; Russell, Christopher T.; Luhmann, Janet G.; Strangeway, Robert J.; Leis- 
ner, Jared S.; Galvin, Antoinette B (2009), Ion Cyclotron Waves in the Solar Wind 
Observed by STEREO Near 1 AU, ApJ. 701, L105 



-3 - 



Kasper, J. C, A. J. Lazarus, and S. P. Gary (2008), Hot Solar- Wind Helium: Direct Evidence 
for Local Heating by Alfven- Cyclotron Dissipation, Phys. Rev. Lett. 101, 261103 

Li. X and S. R. Habbal (2000), Proton/alpha magnetosonic instability in the fast solar wind, 
Geophys. Res. 105, 7483 

Marsch, E., K. H. Muehlhaeuser, H. Rosenbauer, R. Schwenn, and F. M. Neubauer (1982a), 
Solar wind helium ions - Observations of the HELIOS solar probes between 0.3 and 
1 AU, J. Geophys. Res. 87, 35 

Marsch, E., R. Schwenn, H. Rosenbauer, K. H. Muehlhaeuser, W. Pilipp, and F. M. Neubauer 
(1982b), Solar wind protons - Three-dimensional velocity distributions and derived 
plasma parameters measured between 0.3 and 1 AU, J. Geophys. Res. 87, 52 

Marsch, E., and C.-Y. Tu (2001), Heating and acceleration of coronal ions interacting with 
plasma waves through cyclotron and Landau resonance, J. Geophys. Res. 106, 227 

Marsch, E. (2006), Kinetic Physics of the Solar Corona and Solar Wind, Living Rev. Solar 
Phys. 3, 1 

Tu, C.-Y. and E. Marsch (1995), MHD structures, waves and turbulence in the solar wind: 
Observations and theories, Space Science Rev. 73, 1 

Valentini, F., P. Veltri, F. Califano, and A. Mangeney (2009), Cross-scale effects in solar 
wind turbulence, Phys. Rev. Lett. 102, 225001 

Wu, C. S., and P. H. Yoon (2007), Proton Heating via Nonresonant Scattering Off Intrinsic 
Alfvenic Turbulence, Phys. Rev. Lett. 99, 075001 



This preprint was prepared with the A AS IATgX macros v5.2. 



